Background: During the past decades, the incidence and mortality rate of stomach cancer has demonstrated a great decrease in the world, but it is still one of the most common and fatal cancers especially among men worldwide, including Iran. The MYC proto-oncogene, which is located at 8q24.1, regulates 15% of genes and is activated in 20% of all human tumors. MYC amplification and overexpression of its protein product has been reported in 15-30% of gastric neoplasias. The aim of this investigation was to find the relative efficacy of CISH (chromogenic in situ hybridization) or IHC (immunohistochemistry) in diagnosis and prognosis of gastric cancer, as well as the relationship of amplification and expression of C-MYC gene with patient survival. Materials and Methods: In this cross-sectional study, 102 samples of gastric cancer were collected from patients who had undergone primary surgical resection at All samples were randomly selected from those who were diagnosed with gastric adenocarcinomas. CISH and IHC methods were performed on all of them. Results: Patients were classified into two groups. The first consisted of stage I and II cases, and the second of stage III and IV. Survival tests for both groups was carried out with referrnce to CISH test reults. Group II (stage III & IV) with CISH+ featured lower survival than those with CISH-(p=0. -(p=0.630) . Kaplan-Meier for both groups was carried out with IHC test findings and showed similar results. This data revealed that both diffuse and intestinal types of gastric cancer occurred significantly more in men than women. Our data also showed that CISH+ patients (43%) were more frequent in comparison with IHC+ patients (14.7%). Conclusions: For planning treatment of gastric cancer patients, by focusing on expanding tumors, which is the greatest concern of the surgeons and patients, CISH is a better and more feasible test than IHC, in regard to sensitivity and specificity. Therefore, CISH can be used as a feasible test for tumor growth and prognosis in stage III and IV lesions. This study also indicated that C-MYC amplification in gastric cancer is correlated with survival in advanced stages.
Introduction
Cancer is the second and third cause of mortality in developed and developing countries, respectively (Bener et al., 2008; Bray et al., 2013) . It has been suggested that until 2020, the number of new cancer cases and their related deaths will be increased to 15 and 12 million, respectively (Han et al., 2011) . Gastric cancer is the fourth most common cancer and also the second leading cause of cancer-related death in the world (Almasi et al., 2015) . During the past decades, the incidence and mortality rate of stomach cancer has indicated a great decrease worldwide, while it is still one of the most common and fatal cancers (Jemal et al., 2011; Zhu and Sonenberg, 2012; Ferlay et al., 2013; Zhou et al., 2015) especially among men (Chong et al., 2014) and is the same in Iran (Sadjadi promising results (Hamashima, 2015) . Recently, some community-based case-control investigations have been carried out to evaluate the effectiveness of endoscopic screening, and showed a 30% and 57% reduction in gastric cancer mortality rate in Japan (Hamashima et al., 2008; Hamashima et al., 2013) and South Korea (Cho, 2014) , respectively. It is unclear why gastric cancer aggressively invades the gastric wall and frequently presents at such an advanced tumor stage.
C-MYC is an oncogene coding a transcription factor that plays a fundamental role in cell proliferation, growth, differentiation, and apoptosis (Fan et al., 2001) . C-MYC is widely expressed during embryogenesis and in adult tissues which possess high proliferative content, such as the skin epidermis and the gut (Fan et al., 2001) . Complete loss of C-MYC function results in embryonic lethality (Holian et al., 2002) , and in conditional C-MYC knockout studies, cells lacking C-MYC stop to proliferate and exit the cell cycle (Rhyu et al.,1994) . Overexpression of C-MYC in cultured cells and transgenic animals blocks differentiation and persuades neoplastic transformation (Holian et al., 2002) . The knockdown of C-MYC can also prevent the growth and proliferation of gastric cancer cells (Wong and Gumbiner, 2003) . Great or deregulated expression of C-MYC has been detected in a wide range of human cancer types and is often correlated with aggressive, poorly-differentiated tumors, such as those of the breast, colon, and small-cell lung carcinoma, osteosarcoma, glioblastoma, and malignant melanoma (Fan et al., 2001) . In a wide variety of human cancer types, constitutive overexpression of C-MYC largely results from chromosomal translocation and gene amplification (Brooks-Wilson et al., 2004) . Gene amplification is the most frequent C-MYC abnormality in non-hematological malignancies (Robertson and Jankowski, 2008) .
Several studies have presented that C-MYC amplification in gastric cancer ranged from 38.1% to 40% (Ryan and Birnie, 1996; Hundahl et al., 2000) . However, only a few studies have shown the clinicopathological implications of C-MYC amplification in stomach cancer, while hardly any study has described the implications in gastric cancer (Oliveira et al., 2006; Dang et al., 2006; Vita and Henriksson, 2006) . In this study the prognostic factors which were correlated with C-MYC amplification in stomach cancer were also assessed (Lai et al., 2008; Weinberg, 2008; Diolaiti et al., 2014) .
Some researchers from South Korea studied the effects of C-MYC amplification on tumor stage and diseasespecific survival of 128 patients with mucinous gastric carcinoma (MGC) and compared the results with those of 302 patients with nonmucinous gastric carcinoma (non-MGC). Patients and C-MYC amplification was found in 10.2% of MGCs and 6.0% of non-MGCs. C-MYC amplification was more frequently found in MGCs of higher tumor stage than in MGCs of lower stage (p=0.038). C-MYC amplification in MGC was correlated with greater invasion depth (p=0.007). The mean survival time of patients with C-MYC amplification was shorter than that of patients without C-MYC amplification in MGC (Choi et al., 2012) . Lin et al. (2014) followed up 64 patients diagnosed with gastric adenocarcinima who had undergone gastrectomy, for a period of four years, in Taiwan. They found 31 deaths attributed to stomach cancer. They applied Kaplan-Meier analysis and showed that retrieval of less than 15 lymph nodes from a patient was a significant predictor of survival. A significant predictor of poorer survival was also higher grading. In a study among 326 patients with gastric cancer, in Taiwan, Fang et al. (2013) showed that familial gastric cancer was associated with an early stage at diagnosis and a better prognosis compared with sporadic gastric cancers. They found that there were the molecular and survival differences between sporadic and familial stomach cancers. Oh et al. (2014) also in a meta-analysis reported that a first-degree family history of cancer or gastric cancer family history was significantly associated with better survival of gastric cancer patients.
Materials and Methods

Patients and tissue samples
Samples were obtained from 102 gastric cancer patients who had undergone primary surgical resection, at the Cancer Institute Hospital, Tehran University of Medical Sciences, between July 2009 to March 2014. Samples were included 102 paraffin-embedded blocks, and also 50 blocks from adjacent normal gastric mucosa as a negative control samples.
The clinicopathological features of the patient samples are shown in Table 1 . Gastric cancer samples were classified according to Lauren (1965) . The patients were staged using the standard methods of tumor, nodes, and metastasis (TNM) staging (Sobin et al., 2011) . All patients had neither chemotherapy nor radiotherapy treatments, before surgery, and there were no other co-occurrences of diagnosed cancers.
Conducting any laboratory/research tests in this investigation was approved by the Ethics Committee, DNA Bank, Cancer Institute of Iran. This study was carried out with the patients' consent, which allowed any molecular/cytogenetic research to be performed on specimens obtained during surgical resection.
Chromogenic in situ hybridization
CISH was performed on 3-µm-thick formalin-fixed paraffin-embedded tissue sections, dewaxed with xylene, and then rehydrated with 100% ethanol and water. Target retrieval and enzyme digestion were applied using a commercially available tissue pretreatment kit (no.C-3018-40: Zytovision laboratories, ZytoDot, Germany).
The sections were dehydrated in upgrading ethanol series and air dried. Ten microliteres of digoxigeninlabeled C-MYC probe was used on the tissue section, enclosed by a coverslip, sealed, and denaturated on a PCR plate for 5 minutes at 94˚C. Hybridization was carried out overnight at 37˚C. Next day, the cover slip was removed by soaking in standard saline citrate (SSC) solution at room temperature and washed in SSC for 5 minutes at 75˚C. The remaining hybridized probe linked to digoxigenin was detected by mouse antidigoxigenin antibody followed by polymerized horseradish peroxidase antimouse immunoglobulin. Peroxidase was developed with diaminobenzidine, and nuclei were counterstained with hematoxylin. All detection reagents were supplied in commercially available kits. The interpretation of CISH results was carried out by the first author (M.K.) with a light microscope using the x40 objective (original magnification, x100; Figure 1 , A-D). Signals were seen as nuclear dark brown dots. Fifty to 100 non overlapping tumor cell nuclei were assessed for each sample. When the gene copy number was one or two per nucleus, it was accounted as "no amplification" (Figure 1A) . A gene copy number of 2 to 4 copies per nucleus, in at least 50% of cancer cells, were scored as "low amplification" ( Figure  1B) . A gene copy number of 4 to 6 copies per nucleus, in at least 50% of cancer cells, were considered as "moderate amplification" ( Figure 1C ). A gene copy number of more than 6 copies per nucleus or the presence of clusters in at least 50% of cancer cells, was accunted as "high amplification" (Figure 1D ) (Tsuboi et al., 1987; Bizari et al., 2006; Shah and Ajani, 2010) . Normal cells in tissues were considered as controls. CISH were assessed with a Leitz microscope (Germany). Images were taken with a digital Nikon camera (Japan). All the slides of patients were confirmed for diagnosis and were checked for CISH and IHC by one author.
Immunohistochemistry
Immunohistochemical staining was carried out according to Calcagno et al. (2009) . IHC analyses for MYC were performed on formalin-fixed, paraffin-embedded surgical sections. Serial 3-µm sections were used. Heat induced antigen retrieval was down (microwave-Botan-Iran). Slides were incubated in hydrogen peroxide, and antigen retrieval was applied by heat treatment in 0.294% wt/vol citrate buffer at pH 6.0 in a domestic microwave oven (Botan-Iran) as follows: 900 W for 5 minutes and then 600 W for 10 minutes, avoiding slides were dried out. IHC staining was performed using the LSAB method. Primary antibody were used against MYC (monoclonal rabbit, Ready to use, PME 415 AA Biocare Medical, USA) as recommended by the manufacturer.
A universal peroxidase-conjugated secondary antibody kit (AmpliStain Anti-Mouse/Rabbit 1-Step HRP, Germany) was used for the detection with diaminobenzidine (DAB) as chromogen (SDT, Germany). Positive protein expression was defined as clear nuclear staining in more than 15% of the cells.
Statistical analysis
The statistical calculation was performed using version 18 of SPSS statistical software package for Windows (UK). Kappa statistics were used to measure the degree of agreement between CISH and IHC tests, and chi-squared tests were applied for all the variables in Table 1 . Variables in Table 2 , with two rows were tested by the Mann-Whitney test, and variables with more than two rows were tested with Kruskal-Wallis. For determining the association between CISH and IHC, Kappa test and the Spearman correlation coefficient were applied. Description of the results of Kappa test were as follows: less than 0.20 (poor agreement); 0.20 to 0.40 (fair agreement); 0.40 to 0.60 (moderate agreement); 0.60 to 0.80 (good agreement); 0.80 to 1.00 (very good agreement) (Altman, 1990) . p-value less than 0.05 were considered as significant level in all tests. Survival analysis according to the univariate Kaplan-Meier method was calculated. Groups with their survival were tested by chi-squared. 
Results
Our samples were from 102 Iranian patients with gastric adenocarcinomas, consisted of 78 males (76.47%) and 24 females (23.53%), with an average age of 60.62 years old. MYC amplification and its protein expression (CISH and IHC tests) were applied on our samples.
Clinical results
The clinicopathological features of our samples are shown in Table 1 . The location of the tumor in 35.3% of patients was fundus, and in cardia was only 3%. Type of stomach cancers was diffuse (56.9%) and intestinal (43.1%). The average tumor size of patients was 6.49cm. Our results showed that some of the variables including gender, location of tumor, necrosis, vascular invasion, perineural invasion, CISH and IHC were significant difference among diffuse type and also gender, location of tumor, vascular invasion, necrosis, CISH and IHC were significant difference in intestinal type (Table 1) . It means that subgroups of each variable are different in the two types of gastric cancer. Our data also showed that there was no correlation between age, grade and stage with type of gastric cancer. Table 1 showed the gender difference among our samples as both diffuse and intestinal types of stomach cancer occurred significantly more in men than women. Table 1 showed that the most of our patients were in grades II and III, and also in stages II and III, 69. and 59.8%, respectively.
CISH results
The results of CISH and IHC are shown in Table 1 .
Our data showed that there was no correlation between ages, gender, tumor location, necrosis, vascular invasion, perineural invasion, stages and type of gastric cancer with CISH test. Our results revealed that there was an indication of some relation between grades and CISH, although the difference was not significant. This study also showed that CISH+ patients (43.1%) were more frequent in comparison with IHC+ patients (14.7%). Table 3 shows the correlation between CISH and IHC. Differential amplification of CISH test was shown in Table 2 . According to our CISH data 58 samples showed no amplification and among 44 samples with CISH+, 24 samples were with low amplification. 6 samples showed moderate amplification and 14 samples showed high amplification. We also considered low amplification as (Table 3) . Table 2 shows the comparison of CISH and IHC. This result revealed that there was a significant difference between grades and IHC. Table 3 shows the results of IHC positive and negative. MYC immunoreactivity was seen in 15 patients. In 13 patients both MYC amplification and MYC immunoreactivity were observed. 56 samples had no amplification and were negative IHC. Also among 44 positive samples for CISH, 13 samples had positive signals for IHC and 31 samples negative signals for IHC. The most of patients with IHC negative had no amplification but only two patients with IHC positive had no amplification. Normal cells had also IHC negative (Table 3) . Therefore, our patients were divided into four groups. The first group was both CISH+ and IHC+ (12.7%). The second was CISH+ and IHC-(30.3%).The third was CISH-and IHC+ (2%). The fourth group had CISH-and IHC-(55%). Among our four groups, kappa test was 0.284, which indicated fair agreement between CISH and IHC (Table  3) . To assess the association between CISH and IHC tests, the Spearman correlation coefficient was calculated, and showed -0.365, with a p-value=0.0001, indicating that these two tests were related. In this study 43% of samples were positive for CISH, but only 14.7% of them were positive for IHC.
IHC Results
Survival results
Survival analysis according to the univariate Kaplan-Meier method did not show any significant impact of C-MYC amplification on patients' survival. Kaplan-Meier was carried out on categories of CISH+ and CISH-. There was no statistically significant difference between the two groups (p=0.431). The two groups had similar survival (Figure 3.1) . Kaplan-Meier was applied on categories of IHC+ and IHC-. The two groups had almost the same survival (p=0.984) (Figure 3 .2). Kaplan-Meier was used for different stages, and showed no difference in survival (p=0.225) (Figure 3.3) . Kaplan-Meier calculation showed no statistically significant difference between different stages and the two groups of CISH+ (p=0.525) and CISH-(p=0.372) (Figure 3.4, 3 .5). Patients were classified into two groups. The first group was contained stages I and II, and the second group stages III and IV. Survival test for both groups was carried out with CISH test (Figure  3.6, 3.7) . Results showed that the group II (stages III and IV) with CISH+ have less survival than those with CISH-(p=0.233), but group I (stages I and II) patients had no significant in survival with CISH+ or CISH-(p=0.630) (Figure 3.8, 3.9 ). Kaplan-Meier for both groups was carried with IHC test and showed the similar results. C-MYC amplification was more frequently found in gastric cancer patients with higher tumor stages (stage III or IV) than in lower tumor stages (stage I or II) (p=0.630).
Discussion
One hundred and two patients with gastric cancer consisting of 78 males and 24 females were studied. Our data showed a male:female ratio of 3.25:1, with an average age of 60.62. Our data were in agreement with two other reports; one study of 125 patients (85 males and 40 females), in Brazil, which gave the ratio of 2.12:1 and the majority of the patients were older than 59 years, with the mean age of 62 years (Souza et al., 2013) . The other Selcukbiricik et al. (2013) from Turkey, showed the results of 796 patients (552 men and 244 women), with the M/F ratio of 2.26, and median age of 58 years. Although Lin et al. (2014) studied 64 patients, in Taiwan, and showed the mean age of patients 64.4 years in men, and 66.9 in women, with a male/female ratio of 1.56. Another research from Iran, also is in agreement to our result and reported that gastric cancer, is the most common cancers among Iranian men (Sadjadi et al., 2007) .
In this investigation, the tumor location was classified into seven subgroups (Owens and Appelman, 2014) , and the majority of our patients showed fundus location. If we divided our patients into two groups of cardia and non-cardia, we would have only 3% of cardia and 97% of non-cardia. Selcukbiricik et al. (2013) from Turkey, showed 12.2% of cardia among 796 Turkish patients, which is in agreement with our data. de Souza et al. (2013) studied gastric cancer among 125 samples, with only two subgroups of cardia and non-cardia, and showed 58.4% in non-cardia.
The most of our patients (59.9%) were diffuse type, but some authors reported intestinal type more than the diffuse type (Chang et al., 2006; Souza et al., 2013) . The best explanation for this difference is that their samples were from Japan and Brazil which both is from high-risk area, but our data were from Tehran which accounts as a lowrisk area. It has been already documented that intestinal type of gastric adenocarcinoma was more frequent than the diffuse type in high-risk countries (Hamilton and Aaltonen, 2000) Some authors were reported the association between overexpression of C-MYC with over 50% of cancers in human, and also the effect of this overexpression on invasiveness and worse prognosis in patients. The contribution of MYC to tumorgenesis by persuading uncontrolled cellular growth, angiogenesis, proliferation, and genomic instability has been already documented (Arvanitis and Felsher, 2005) . It was suggested that the C-MYC constitutive expression owing to amplification, mutation, or chromosome translocation involves to the development and progression of various cancers (Louis et al., 2005; Shon et al., 2014) . C-MYC persuades point mutations, imperfect replication initiation, DNA breakage, changes of DNA repair, and causes remodeling of the 3D nuclear structure of telomeres and chromosomes, so causing topological positions that initiate genomic instability (Adhikary and Eilers, 2005; Matsui et al., 2013) .
Most of the patients in different studies were in the early stage of gastric cancer and also from high-risk areas, such as Japan and Korea. However, another author showed higher MYC amplification in diffuse-type, than in intestinal-type, which was agreed with our results (Calcagno et al., 2009) . One study of IHC analysis revealed that MYC expression was more frequent in intestinal-type than diffuse-type . On the contrary, we observed MYC expression more frequent in diffuse type.
An association of MYC overepression with the proliferative phases of cells has been documented, and this expression was shown only in proliferative phases of development, but not in quiescent or terminally differentiated cells (Suzuki et al., 1997) . Our result revealed that there was a significant difference between grades and IHC. We showed an increase in MYC expression, especially in grades II and III. This result is similar to finding from previous results which revealed that MYC expression is down regulated with cell differentiation, and also another investigation which showed the MYC expression was repressed in grade I of gastric cancers, whereas there was a significant increase of MYC protein expression in grades II and III (Suzuki et al., 1997) . In our investigation there was no significant difference between IHC and stage. Whereas, some studies showed high levels of MYC protein expression in early stage (Suzuki et al., 1997) . There was no significant difference in the percentage of cells with C-MYC gene amplification between early (pT1) and advanced (pT2-4) stomach cancers. This study was in agreement with our investigation (Suzuki et al., 1997) .
It was suggested that there was no association between C-MYC gene amplification and differentiated /undifferentiated carcinomas (Suzuki et al., 1997) . However, our data showed that there was an indication of some correlation between CISH and grades, although the difference was not reached to the level of significance.
The range of MYC overexpression was reported from 15.6% to 100% at the early stage of stomach cancer (Calcagno et al., 2008) . However, in our study only 14.7% showed MYC immunoreactivity (IHC+) in both types, and 85.3% had no expression. This was less than previous studies (Souza et al., 2013) .The probable reason is that all of our patients were randomly selected from different stages. The most usual mechanism of deregulation of MYC in stomach cancer is MYC amplification (Meyer and Penn et al., 2008) . This mechanism leads to enhanced oncogenic products in quantities that exceed the transcriptional capacity (Calcagno et al., 2005) . In this regards, we also observed three or more MYC gene copies (dots) in 43% of gastric tumors among our patients. However in previous studies all of the samples showed amplification. Therefore, this investigation was not corroborated previous studies (Calcagno et al., 2006; Calcagno et al., 2009) . The probable cause would be all of our samples were from different stages (mostly late stage), but in the previous two studies, the samples were only from early stages. Our study also showed that amplification of C-MYC in diffuse type was more frequent than in intestinal type, which was not accord with some previous authors (Calcagno et al., 2006; Calcagno et al., 2009) . Also our study revealed no correlation between ages, gender, tumor location, necrosis, vascular invasion, perineural invasion and type of gastric cancer with CISH test. Some studies revealed that any relation between MYC amplification and clinicopathological characteristics (grade, stage, lymph node metastasis, tumor location) in gastric cancer is correlated to ethnicity (Shah and Ajani, 2010; Liu et al., 2011) . Because we also could not find any relation between MYC amplification and clinicopathological characteristics, therefore, the ethnicity of the afflicted population might lead to no relation between those two parameters.
Among our samples 12.7% revealed both positive CISH and IHC. Although we observed C-MYC amplification (CISH-) and IHC+ in only two patients, it seems that it may be an artifact. 30.3% of our patients showed C-MYC amplification (CISH+), but the protein was not expressed (IHC-) ( Table 3 ). The possible explanation would be that a mechanism may degrade a protein or probably mRNA (Shan et al., 2013) . Our data showed that CISH and IHC were correlated, and the percentage of positive CISH and IHC were 43% and 14.7%, respectively. Therefore, it might be concluded that CISH is a better test than IHC.
Some authors mentioned molecular therapeutic targeting of MYC, and showed that MYC inactivation suppresses tumors in animals . In other words, specific knockdown of C-MYC may decrease the growth and proliferation of gastric cancer cells, therefore, C-MYC could be a possible target in gene therapy (Zhang et al., 2010) .
Survival analysis was carried on for the 102 patients who survived were up to four weeks after surgery. Survival analysis according to the univariate Kaplan-Meier method did not show significant impact of C-MYC amplification on patients' survival. Results showed that the group II (stage III & IV) with CISH+ have less survival than those with CISH-(P=0.233), but group I (stage I & II) patients had no significant in survival with CISH+ or CISH-(0.630). Kaplan-Meier for both groups was carried with IHC test and showed the similar results.
The mean survival time of patients with C-MYC amplification (CISH+) was shorter than that of patients without C-MYC amplification(CISH-) in gastric cancer. However, there was no statistical difference in the diseasespecific survival between patients with c-MYC-amplified gastric cancer and those with c-MYC-non-amplified gastric cancer. Patients with c-MYC-amplified gastric cancer (CISH+) had a poorer disease-specific survival than those without C-MYC amplification (CISH-) (P=0.630). Han et al. (1999) found that expression of MYC is closely linked to proliferative activity of human gastric cancer, and patients with high expression of MYC had poor survival that is parallel with our study. Another study was recently conducted and showed that patients with high expression and high amplification have lower survival which is also in agreement with our research (Valentino et al., 2013) .
In conclusion, this study shows that C-MYC amplification in gastric cancer is correlated with survival in advanced stages and deeply invasive stomach cancer. The results of our study suggest that C-MYC amplification in gastric cancer may be a genetic alteration that contributes to the frequent presentation in advanced stage of gastric cancer.
